The aim of this study was to characterize the thermal environment of the sorting and packing sectors of small, medium and large packing houses in the São Francisco Valley, Northeast of Brazil. Micrometeorological data were monitored every 15 minutes for 20 days during winter 2014 and summer 2015. The parameters evaluated were air temperature ( o C), relative humidity (%) and radiant thermal load, RTL,(W/m 2 ). External environmental data were obtained from weather stations close to the packing houses. The data obtained show that packing houses minimum and maximum temperatures were reached at 6am and 3pm, respectively, during winter and summer. Both seasons had air temperatures above 20°C, relative humidity below 90% and radiant thermal load above 450 W/m 2. The construction materials that had the highest energy transmissions were the roofs. Metal roofs had the worst thermal conditioning, resulting in maximum internal air temperatures of 32.7°C and minimum relative humidity of 40.9% at 3pm, during summer. According to the results, thermal environments of sorting and packing sectors proved to be inadequate for processing table grapes, mainly during summer. These packing houses should be modified to reach the optimal thermal environment, considering the regional climatic conditions.
INTRODUCTION
The qualitative and quantitative postharvest losses are intrinsically related to local environmental conditions and mechanical damage in handling or by the use of inadequate packaging. The external market, to which is intended around 90% of table grapes produced in the São Francisco Valley (IBGE, 2014) , requires fruits with high standard quality, indicated by physicochemical parameters such as soluble solids content, size uniformity, color, absence of damage, berry firmness, among others. The grapes for the domestic market are generally the rejected ones from the selection made for export and are subject to higher perishability, especially for being handled under improper environmental conditions that accelerate the loss of quality. In order to minimize these losses, the right conditions for grape processing require appropriate packaging and storage in refrigerated environments using, therefore, the packing houses structures (RIBEIRO, 2014) .
The packing houses of table grapes for exportation have four main sectors -selection and packaging, pre-cooling and storage -which have environments with microclimates and specific design characteristics for the development of activities related to the beneficiation. At the reception of the fruit boxes from the field, there is no conditioning, since it is generally a shaded space for a marquee, but in direct contact with the outer space. The reception is connected to the selection sector, weighing, packaging and pallets formation, environment that must be conditioned with air temperature of 20°C and relative humidity at 90% (SOARES; LEAO, 2009) . The pallets are led to the pre-cooling tunnel, to reduce the heat stored inside the packaging and then stored in cold rooms, conditioned in air temperature of -0.5°C and relative humidity at 95%. Finally, the cold room has easy access to the fruits shipping sector, which are transported in trucks with controlled environment (NGCOBO et al., 2013) .
The importance of controlling the thermal environment and the fruits storage time in each of the packing house sectors is related to the losses of postharvest quality. For grape, the lower the time spent between the harvest and the storage in cold room, the lower the qualitative and quantitative quality losses will be (RIBEIRO, 2014).
In order to minimize possible postharvest losses resulting from inadequate environmental conditions and based on the literature recommendations, this study aimed to diagnose the thermal environment of the selection sector of three grape packing houses, located in San Francisco Valley, Tropical semi-arid climate, and to trace relations with the materials of the constructive housing.
MATERIAL AND METHODS

Description of the study area
The study was accomplished in three Brazilian fruit farms (packing houses), in the states of Bahia and Pernambuco, in the municipalities of Juazeiro-BA and Petrolina-PE with an altitude between 368m and 376m, respectively. The farms are located in the São Francisco Valley between parallels 8° and 9º S, whose climate is semiarid, according to the Koeppen classification, BSwh' type, with an average annual temperature around 26ºC, with minimum air temperature of 24.5°C in the winter and maximum air temperature of 28.5°C in the summer, and average rainfall of 550 mm concentrated between November and April (TEXEIRA & LIMA, 2016).
The architectural study was accomplished in three packing houses ( Figure 1 ): ST (9°17'34"S, 40°29'01"O, 400m, small size, 6.0 hectares of grape cultivated area), FS (9°21'33,5"S, 40°37'20,4" O, 398m, medium size, 38.2 hectares of grape cultivated area) and SF (9°24'15,5"S, 40°21'08"O, 381m, large size, 160.0 hectares of grape cultivated area) for further evaluation of the housing material. Tables 1 and 2 show the dimensions, description of the construction material and ventilation or cooling equipment from each packing house. 
Microclimate monitoring
For the characterization of the thermal environment, the air temperature (airT; o C) and air relative humidity (RH,%) were collected, using data loggers HOBO, H12 model (Onset, Bournemouth, England) in twenty points distributed in the selection sector of the facilities arranged at one meter of height, in a grid of 3 x 3 meters. In three of this points, black globes collecting temperature data of the globe center (°C) (d = 15cm, ε = 0.9) were distributed as follows: a sensor in the center and two sensors at the ends of each wall in the middle of the facility and air speed, measured with a Termoanemometer, TAD 500 model (Instrutherm, São Paulo, Brazil).
The data were collected in fifteen-minute intervals for twenty days at each facility, in two periods, winter 2014 and summer 2015.
The hourly averages of airT and external RH were obtained by the weather station of the Agricultural Timbaúba company, Petrolina-PE (Latitude: 09º13'S, Longitude: 40º29' W), the same monitoring periods were used as reference.
The evaluated parameters were the hourly averages of airT ( 
Constructive housing
For the analysis of the housing materials -wall coverings -the thermal transmittance of components was considered -U (W/m² o K). The values were based on the NBR 15220-2 ( and are shown in Table 3 . The NBR 15220-3 (ABNT, 2005-3) classifies the thermal insulation and the performance levels of building components with a view at thermal transmittance -U. The information and application for the Zone 7 -DFHI type, according to ABNT (2005-3) are shown in Table 4 . Considering the width of the eaves, ceilings and the presence of vegetation to calculate the angles of sunscreens, we scaled the number of sunshine hours on the walls of the housing of the evaluated sectors provided in Table 5 . 
RESULTS AND DISCUSSION
Analysis in the winter period
The temperatures closer to the ones recommended for the selection and packing area of table grape in the packing house (of 20°C, according to the recommendations of SOARES & LEÃO (2009) occurred between 5 and 6 am, in the winter (Figure 2 ) as can be seen in the table 6. There is a thermal difference between the interior of the facility and the weather station about 3°C in the minimum hour, indicating the need of using cooling equipment for the adjustment of the thermal environment, beyond of a better design of packing house structure in projective terms and the use of building materials. High temperatures in the selection and packaging of grapes can promote an accelerated blackening of the stems, rot, reducing firmness, increasing the shattering index (BRACKMANN et al., 2000) . The FS packing house showed higher temperatures in the winter (Figure 2) , due mainly to the use of building material of low thermal sealing resistance -concrete block walls with mortar of ceramic finishing only inside the facility and white paint on the outside (Table 3 and 4) . Thus, there is low thermal difference between the external and internal environment and low thermal damping. The use of sealing materials with thermal properties such as low absorptance, high reflectance, low transmittance and high thermal inertia would be the most suitable for warm climates, increasing day time with milder temperatures in the facility and adjusting it to grape processing activity.
Studies show the importance of proper selection of materials to be used in the packing as reported by SILVA et.al. (2015) , that for masonry should be chosen high caloric capacity materials, such as solid bricks or drilled blocks, which promotes the damping of the external temperature variations. Studies also show that the white color of the masonry external surface and roof reduce the internal air temperature by up to 3°C at the hottest times of the day (PASSINI et al., 2013) .
The lowest temperature observed between the packing houses in winter was from SF (21°C) (Figure 2 ), this occurred because the installation has conditioning, besides the adequate construction techniques such as height ceilings, eaves, use of PVC lining, as well as the selection sector masonry did not receive direct radiation (Table 3 , 4 and 5) because the sector partitions are around other areas of the facility and its orientation is east-west (Figure 1 ).
There was the average time of relative humidity (RH) in grape selection sector of packing houses, in the winter season, where the highest values occurred at 6 am due to the sector washing, and the internal RH values were: 82.7, 76, 66.8% and external RH: 86.9, 87.5, 85.8%, respectively for the SF, ST and FS packing houses (Figure 2 ). The lowest RH occurred at 3 pm in winter where the internal values were 51, 44.8, 63.9% and the external ones were 44.3, 46.9, 43.8% for ST, FS and SF, respectively (Figure 2 ).
The results show that even in times of highest RH (Figure 2) , the three packing houses did not reach the 90% value considered ideal by SOARES; LEAO (2009). All packing houses obtained differentiated RH values, caused by both climatic aspects, since only in the FS data collection period the relative humidity was above the recommended by these authors, and also because of the microclimate, projective differences related to the conditioning systems (Table 3 and 5).
The ST packing, small size, had vegetation and soil cover on the side of the building (Table 3 and 4), reducing the incidence of solar radiation on the walls. This facility had zinc tiled roof that interferes negatively in the facility with U = 5.43 W/m°C and thermal conductivity of 112 W/m.K, rapidly transmitting radiation into the internal environment.
The vegetation is an important regulatory component of temperature because it absorbs much more easily the solar radiation that is used in their biological processes through photosynthesis and transpiration PIVETTA (2009), which was observed in the ST packing house.
According to SPECHT et al. (2010) ; DOEBBER (2010); PERALTA (2006), the reduction of the environment RH is related to the high air temperature and the solar radiation exposition in an external wall. This fact happens gradually, with the increase of air temperature at the beginning and end of the day, with a maximum peak temperature at 3 pm.
In the SF packing, there were the highest RH values (Figure 2 ) due to humidification carried out by conditioners, and their construction, beyond the walls do not receive direct or indirect radiation and are located at the east-west axis.
The FS packing house (Figure 2) showed the lowest hourly average values of RH, probably due the fiber cement tiles without lining, no vegetation around the facility and located at the northsouth axis, with great influence of direct and indirect sunlight.
Analysis for the summer period
In the summer conditions, the minimum and maximum temperatures and respective external temperatures are shown in table 7. In Figure 3 , there is the behavior of ST, SF and SF Packing throughout the day in the internal and external air temperature data and relative humidity in the summer period. (Figure 3 ). The minimum temperatures in the summer can be observed in the Table 7 , paying attention to a thermal variation between the inside of the facilities and the weather station from 3° to 5.2°C at the time of 5 to 6 am, reaching higher temperatures of 27.2°C in SF (Figure 3) .The recommended temperatures for the table grape selection area and packaging in the packing house are 20 °C, according to SOARES & LEAO recommendations (2009) . At this time it is clear the need for conditioning of the studied environments and a possible exchange of building materials.
The higher air temperatures during the summer, occurred at 3 pm in all facilities, highlighting the ST packing that showed average values of the twenty days of analysis of 32.7°C for that time, possibly the causes for the ST has obtained temperature values so marked is due to fast thermal transmission promoted by metallic roof (table 3) , metal gates and ventilation system that blows hot air from the roof for the inside of the facility.
From 5 pm to 8 pm, the ST and SF values were close, with temperatures of 29.1°C at 8 pm. For the same time, the FS had temperature of 27.2°C (Figure 3 ). The location, orientation, construction materials and constructive techniques such as: ceiling height, block type, coatings and thermal lag of the materials may have contributed to such heating.
According to PERALTA (2006) , the roof while absorbs a great amount of radiation also radiates that heat accumulated in the evening. This fact varies according to the thermal characteristics of the materials and most appropriate climate strategies should be used at each location, using conditioners, exhaust fans, and / or evaporative coolers with short periods in the roof.
The data show that no packing, throughout the summer and at all times, reached the air temperature recommended by SOARES & LEAO (2009) of 20°C for the selection and packaging sector. Thus, the overheating of the packing houses may cause problems in postharvest, since studies carried out by BRON et al in 2005, show that the metabolic activity of fruits increases drastically with the increase of storage temperature.
High temperature associated with low relative humidity in the facilities may cause the increase of metabolic activity, associated with the increase of respiratory rate, which is a catabolic process of carbohydrates resulting in the release of CO2 and weight loss (PAULL, 1999) , decreasing flesh firmness, acidity, as well as sugar and aroma, which reduces the final fruit quality for consumption (LUNARDI et al., 2004; BRACKMANN et al., 2005; BRACKMANN et al., 2007; FREITAS et al., 2012) .
The higher thermal transmittance of packing occurred due to the roof type, as the metal for the ST packing with 5.3 W/m²K and fiber cement with PVC lining for the SF packing house of 1.76 W/m²K as seen in table 3.
The lining acts as a physical barrier to radiation transmitted by the roof to the interior of the facility, to allow the formation of the air layer with the roof and contribute to the reduction of heat transfer. Studies show that the conditions for thermal comfort in aviaries with the use of lining at the ceilings height reduce the effects of heat stress on birds (ABREU & ABREU, 2011) .
For the summer conditions (Figure 3) , at 6 am the highest RH elevation happened with internal values: 72, 67.4, 76% and external: 81, 79, 78 .2 % respectively for SF, ST and FS. At 3 pm the lowest summer humidity for the internal environments: 40.9, 55.8, 61% and external: 37.9, 33.5, 39 .2%, the data refer to the ST, FS and SF, respectively.
The hourly average values show that the RH differs in each packing house facility, this difference is due to the types of building materials used in each packing and the use or not of conditioning equipment. Meteorological data show the minimums occurred at 3 and 4 pm with 37.8, 33 and 38.7% for ST, FS, SF respectively. And the maximums occurred at 6 am, 78, 79, 81% for ST, FS and SF. A number of factors contributed to the SF obtain better conditions: RH from the weather station shows the highest average humidity, beyond having better constructive characteristics and conditioners, the internal temperature was lower and therefore the average internal values of RH were higher among the three packing.
The roof material is an important material to be considered for the facilities because it receives a large radiation. Thus, the material quality influences in the reduction of thermal energy transmission. A research developed by ROSSETI et al. (2003) , in tropical savanna climate (Aw) in the city of Cuiabá, in the summer season, comparing prototype with vegetated roof and prototype covered with conventional fiber cement tile, they found lower air temperature in the premises with vegetated roof, with a difference of 4.7 °C, as the differences observed in this study, at 3 pm the air temperature average between metal roof and fiber cement was 2.5 °C for the summer.
As can be seen in Figures 2 and 3 , in no time and period, the packing did not obtain the RH considered in the storage point for the fruit selection sector of 90%, according to SOARES & LEAO (2009) . Low air humidity inside the packing houses can promote excessive loss of fruit moisture, which can lead to wilting, depreciating the product (NGCOBO et al., 2013) .
On the data that were discussed about the three packing houses, buildings do not follow a pattern, where the temperature and humidity recommendations do not fit the winter and summer seasons in these facilities. Other facilities are being built in Brazil, more authorial, taking into account the particular needs than the rules.
In Figure 4 , the hourly average values of radiant thermal load (RTL) during winter are shown. In the times from 0 to 6, the highest values of RTL in FS were observed; probably it may have occurred due to the constructive characteristics, no external coating, roof type, higher sector volume and bad conditioning. In the times from 8 am to 10 am, the highest values observed were in the FS and ST packing, 454 W/m² and 458 W/m² respectively. The lower RTL was from SF with 430 W/m², this fact can be attributed to the location disposals that do not receive direct radiation and the use of conditioners.
The higher RTL, in winter, occurred from 1 pm to 3 pm, the ST was the one that obtained the highest value (Figure 4) , due to probably the use of metal tile, which has a high thermal transmittance. For the 3 pm, the RTL values were observed in the packing: 472, 460.45 and 445.36 for ST, FS and SF respectively.
For the summer conditions (Figure 4) , the maximum values of RTL occurred at 3 pm with 508, 492.6 and 483.1 W/m² of SF, ST and FS packing, respectively. The highest average was observed in SF; because the same was with an overload of fruit to be packaged, thus increased the operating to meet the demand and the facility was undersized for this increase.
At 8 pm the higher RTL was in SF 493.5 W/m², the cause probably is due to the thermal transmittance and thermal lag of roof materials and masonry that are overcome, transmitting power to the sector. The cold storage of this facility in the selection sector was disconnected and did not have opening so there was no natural ventilation, thus, another clue that the thermal energy absorbed by the masonry was transferred to the interior more quickly.
The ST packing house (Figure 4) had the lowest value of RTL at night time of 467.6 W/m at 8 pm, due to the fact that metal tile has high transmittance, thus in the absence of solar radiation it cools faster because there is a reduction in thermal lag, reducing its influence in the selection and packaging sector in these times. The natural ventilation in this facility and leaked screens in the building were among the factors that helped to get these values.
The solar radiation is 75% of the total RTL that reaches a facility and it can be reduced shadowing the facility through the use of trees and shrubs or with the use of materials that provide artificial shading (MOURA, 2001) .
A study developed by SAMPAIO et al (2011) studying roof materials evaluated the RTL during winter and summer from 8 am to 6 pm. In the summer, there was a variation from 406.7 to 479.2 W m -2 , from 405.0 to 480.5 W m -2 and of 406.2 to 518.3 W m -2 for ceramic, fiber cement and metal tiles, respectively. The peaks of these data occurred from 12 pm to 4 pm. The ceramic and fiber cement tiles had close behaviors and are superior to metal tiles to reduce radiation thermal load, corroborating with the data obtained in this experiment during the summer season (Figure 4 ) by the roof of the evaluated packing houses, showing better thermal conditions for fiber cement
